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结合 RNA 干扰（RNAi）等新兴技术的 HIV 基因治疗目前还存在着一系列亟待解决
的问题：难以测定治疗性慢病毒滴度；缺乏有效的用于治疗效果验证的动物模型；
治疗靶细胞的选择尚存在一定争议。针对这些治疗过程中重要的问题及难点，本
研究借助 Taqman 荧光定量 PCR（Q-PCR）检测及人鼠嵌合模型等手段，在多个体





果表明引入 GFP 及 Luc 可以较为有效地对慢病毒滴度进行测定，而 TC 在检测灵
敏度及准确性方面仍存在一定的问题，要将其投入实用尚需该系统进一步的发


























摘  要 
 
II
中由于治疗靶标细胞阳性率不足而造成的难以比较 HIV RNAi 体内保护性效果的
难题。靶细胞在经优化的感染条件下感染含筛选标志基因的慢病毒，经一步磁珠
筛选后细胞阳性率都达到了较高的水平，同时整体 RNAi 抑制水平也有了显著的
提高。在此基础上，本研究以 huPBL-SCID 模型为参照建立 RNAi 保护性动物模型
H2K-SCID 模型，以实现对 HIV RNAi 体内攻毒保护性效果快速有效的评价。为更
全面比较模型中 HIV RNAi 的抑制效果，本研究还建立了以 HIV pol 基因为检测
靶标的 Taqman Q-PCR 检测系统，实现了对模型中脏器内 HIV 水平的更准确有效
的评估与比较。通过上述模型我们成功地验证了 RNAi 序列 vif37 及 pol1102 在
动物体内对 HIV 的有效抑制，其相关模型动物外周血 p24 蛋白水平及脏器 HIV
病毒水平均明显低于无 RNAi 的对照。此外，我们也利用成系淋巴细胞 MT4 建立
了另一个 HIV RNAi 动物模型 SCID-MT4，在此模型中也同样成功地证实了 vif37

















细胞中 HIV 的复制水平受到了一定程度的抑制。对表达 H2Kk 的干细胞进行磁珠
筛选后，其子代细胞基因阳性率及 HIV RNAi 抑制效果均有较大幅度的提升。这
表明慢病毒介导的 RNAi 治疗在以 CD34
+
干细胞为靶标时，可以借助慢病毒的稳定
整合能力及干细胞的多能性，实现对 HIV 的长效稳定地抑制。因此，以 CD34
+
细






















AIDS is a very dangerous worldwide disease and serious harm to people’s 
health. So it is very significant to study on defence and therapy to 
HIV/AIDS. Recently more and more drug-resistant HIV has emerged and many 
defects of HAART have been found out. So gene therapy for HIV/AIDS has 
been more important to develop. Lentiviral vector system combined with 
RNAi has been proven a potential therapeutic technique for HIV gene 
therapy. But there are still several key problems need to be solved: 
lentiviral titer is hard to measure; it’s still lack of effective animal 
model for therapeutic testify; it’s controversial to choose the 
therapeutic target. Aiming at these problems, this study constructs 
several models in vitro and in vivo based on techniques such as Taqman 
Q-PCR and humanized mouse, etc. Based on these models we make a 
comprehensive feasible research on HIV/AIDS gene therapy.  
In order to ensure the efficiency and stability, we investigate the 
measure of therapeutic lentivirus titer. We introduce several reporters, 
which include GFP, Luc and newly peptide TC, and compare the feasibilities 
of introducing them as titer measure on sensitivity, scope and 
repeatability of detection. Results show that GFP and Luc could measure 
lentiviral titer so well while TC is not good enough to put into practical 
application for its sensitivity and accuracy are relatively low that needs 
further expansion of TC system. But GFP and Luc would bring down the 
expression of therapeutic gene, affect the cells’ biological activity and 
increasing the probability of unsuccessful or unsafe in therapy in that 
its molecular weight while TC did not. So it’s limited to use these two 
reporters to measure lentiviral titer in vitro. We also try to use a Taqman 
Q-PCR system which targeted packaging signal ψ to measure lentivirus 













摘  要 
 
IV
with RT PCR, this method can easily calculate copies of lentiviral gene 
in cell. Its accuracy, sensitivity and repeatability are good enough to 
detect lentivirus titer effectively.  
H2K
k
 magnetic selection system is a new cell sorting system which can 
be used to sorting cell quick and harmless. We at first time introduced 
membrance protein H2K
k
 gene into therapeutic lentiviral vector and 
presorting positive cell by magnetic select. It solves the difficulty that 
it’s hard to testify HIV RNAi suppression in vivo in existing animal models 
in that the positive ratio of target cell was too low to measure the RNAi 
inhibition efficiency. On optimal infection condition, positive ratio and 
HIV inhibition efficency of infected cells would increase a lot after 
magnetic sorting in vitro. With these improvements, we build RNAi 
protection models H2K-SCID based on huPBL-SCID model and to evaluate the 
RNAi protective efficiency when counteracting HIV toxin in vivo. For 
better evaluation in vivo, we build a HIV Taqman Q-PCR system targeted 
HIV pol gene to effectively detect HIV level in spleen and lymphnod of 
model mice. By these ways, we successfully testify the HIV suppression 
abilities of RNAi sequences vif37 and pol1102 in vivo. The p24 level of 
peripheral blood and virus level of organs in RNAi containing animal 
models are significantly lower than those of without RNAi. We also proved 
theae results in another humanized mouse modle SCID-MT4 which based on 
MT4 cell line instead of common used PBMC. 
The choice of HIV gene therapy target is also the key of therapeutic 
success. For that reason, we make a series of researches in cell models 
to testify the feasibility of CD4
+
 lymphocyte target therapy project and 
CD34
+
 stem cell target therapy project. In this study we find out that 
the lentiviral infected efficiency of CD4
+
 cells would decline a lot when 
it has already infected HIV. Relatively lentiviral infected efficiency 
of CD34
+













摘  要 
 
V
not. Lentiviral infected stem cells would differentiate and proliferate 
into amount of offspring cells which containing therapeutic RNAi gene. 





 sorting system, the positive ratio and HIV inhibition 
efficency of offspring cells would be improved a lot after magnetic 
selection of infected CD34
+
 cell. So we think CD34
+
 stem cell target therapy 
project would be a probably choice for HIV RNAi long-term gene therapy. 
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CLP：common lymphoid progenitor，普通淋巴祖细胞 
CTL：cytotoxic T lymphocyte，细胞毒性 T淋巴细胞 
EI：entry inhibitor，进入抑制剂 
ESE：exon splicing enhancers，外显子剪切增强子 
FCM：Flow Cytometry，流式细胞仪 
FIV：feline immunodeficiency viru，猫免疫缺陷病毒 
FRET：fluorescence resonance energy transfer, 荧光共振能量传递 
GFP：green fluorescent protein，绿色荧光蛋白 
HAART：highly active antiretroviral therapy，高效抗逆转录病毒治疗 
HIV：human immunodeficiency virus，人免疫缺陷病毒 
HSC：hematopoietic stem cell，造血干细胞 
IFN：interferons，干扰素 
IN：integrase，整合酶 
IRES：inernal ribosome entry site，核糖体内部进入位点 



























NRE：negative regulatory element，负调节元件 
NRTI：nucleoside reverse transcriptase inhibitor，核苷类逆转录酶抑制剂 






PrBS：primer binding site, 引物结合位点 
PTGS：post-transcriptional gene silencing，转录后抑制 
Q-PCR：Real Time Quantitative PCR，实时荧光定量 PCR 
RISC：RNA-induced silencing complex，RNA 诱导的静默复合体 
RM：rhesus macaque，恒河猴 
RN：RetroNectin 
RNAi：RNA interference，RNA 干扰 
RRE：Rev responsive element，Rev 效应元件 
RTe：reverse transcriptase，反转录酶 
SCID：severe combined immunodeficiency，严重免疫缺陷 
SIN：self-inactivating，自激活缺失 
siRNA：small interfering RNA，小干扰 RNA 
shRNA：small hairpin RNA，小发卡 RNA 
SIV：simian immunodeficiency virus，猿免疫缺陷病毒 
SU：surface glycoprotein，表面糖蛋白 
TAK：Tat associated kinase，Tat 相关激酶 
TAR：transactivation response element，Tat 效应元件 
TC：tetracysteine 
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VIII
WPRE：post-transcription regulatory element of the woodchuck，美洲旱獭
转录后调节因子 
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